152 Eu/Eu ratios were measured at various surface positions of two granite samples (gravestones) in the vicinities of the hypocenter of the Hiroshima atomic bomb. The sample pieces were dissolved and the europium elements were chemically isolated. The radioisotopes of Actinium series in the rock samples were excluded from the europium samples. The measured 152 Eu/Eu ratio was not constant in each surface, and was low at the surface positions close to neighbor gravestone. The 152 Eu/Eu ratios were high at the positions that were largely open for the scattered neutrons from the soil ground. This suggests that the rock materials between sample and soil ground reduced thermal neutron fluence to the sample.
Introduction
Long time has passed since the atomic bomb neutrons induced 152 Eu in the rock, tile and concrete in Hiroshima. Because of the long life (13.537 y) 1) , the 152 Eu activities are still measurable. Many investigations have been performed for measuring the 152 Eu/Eu ratios in the rock samples exposed to the Hiroshima atomic bomb [2] [3] [4] [5] [6] [7] [8] . The data on the . Therefore, the meas- . If a large tree stood in close to the wall, the tree leaves might have increased the slow neutrons incident to the materials at a height of 6 m.
However, the depth profiles in the core sample at a height of 6 m was similar to that at a height of 1.85 m 2, 6) . In the calculations by the Dosimetry System 2002 (DS02), the soil was assumed to have included 30% of moisture 10) . The calculations based on the DS02 showed that the 152 Eu/Eu ratio in air 1m above the granite soil was 74% of that in air above the wet soil 10) . The walls of Fukoku building mentioned above were made of granite stones, and faced the granite stones for the streetcar railroad. The slow neutron fluence in the air near such building was probably low.
On the other hand, the gravestones were usually standing along pathway, and were frequently sandwiched by the neighbor stones. Therefore, the frontal surface might have been exposed to the directly scattered neutrons by the soil. There were pre-23 sumably possible that slow neutron fluences in the side surfaces were inversely low because of the neighbor stones. In this study, 
Materials and Methods

Samples
Sample pieces were taken from two gravestones, . Transmission factor (T) was assumed to be 0.82 (dotted line) or 0.72 (solid line) 11) . Filled and open lozenges indicate the ratios at side and top surfaces of Aioi bridge legs around 300 m 2) . Filled circles indicate the ratios measured by Komura, et al 3) . Filled and open squares indicate the ratios measured by Shizuma, et al 4, 5) . Filled triangles indicate the ratios measured by Nakanishi et al 6) . Open circles and crosses show the ratios measured by Kato, et al 7, 8) .
A-T1
A . The 152 Eu/Eu ratios at A-T1 and A-T2 were previously reported 8) .
taken from the right and left sides of the gravestone B, which did not face the soil ground. The upper part of the gravestone A was Aji stone and the lower parts were Iyo stones. The quarry for Aji stones was in Kagawa Prefecture, and that for Iyo stones was in Ehime Prefecture. A lot of stones from both of those quarries were carried to Hiroshima through the Inland Sea. As mentioned below, the Eu content of the gravestone B was nearly half of the Iyo stones. The quality of the gravestone B seemed to be different from that of the typical Hiroshima granite, but the thorium, uranium, potassium and Eu contents suggested the stone was Hiroshima granite 14, 15) .
Measurements of 152 Eu and Eu
The Eu elements in the granite samples were isolated by a method that was almost same as that previously reported 7, 16) . Granite sample was powdered in an aluminum mortar, and 25 g of the powdered sample was fused with 150 g of sodium hydroxide (Kanto Chemical, special grade) at 973 K for 60 minutes.
The fusion cake was dissolved by pure water and the dissolution was kept on a 473 K hot plate for 1 hour. The precipitate collected using a filter (Nihon Millipore, 1.0 µm in pore size) was dissolved with 100 ml of HCl (Kanto Chemical, special grade) and the solution was diluted up to 2000 ml by distilled water.
The Eu ions were separated by ion exchange method with purchased resin (Dowex 50W-X8, 50-100 mesh). Two mg of Fe . The calibration source was made from the 152 Eu standard solution (Japan Isotope Cooperation, EU050, 0002) of which specific activity was guaranteed within 2.3% of uncertainty. The detail of the calibration was described in the previous reports 7, 17) . The stability of the detection efficiency has been examined by measuring the gamma rays from a uranium The distance from the hypocenter is estimated to be 56 m, assuming the coordinates for the hypocenter used in the DS02 13) . The 152 Eu/Eu ratio at B-1 was previously reported 7) .
Results
A gamma-ray spectrum for the sample A-4 is shown in Fig.   3 . The background gamma rays were measured, and the counts were subtracted from those for the sample after compensating the difference in the measurement times. It was possible to observe the full energy peaks for the .
Discussion
The sample pieces A-2-1, A-2-2 and A-5 were taken from the sites close to the neighboring gravestone. As shown in Table   1 and Fig. 4 , the . Fortunately, the gamma rays from the radioactivities in the Th series did not affect the peak for 152 Eu 344.3 keV gamma rays, as reported previously 7) .
The 36
Cl/Cl ratios in the gravestone A were measured by Kato K., et al 18) . A sample piece in the upper surface of the 2 nd stone for A-1 was largely surrounded by the granite materials, and the 36 Cl/Cl ratio was 59 ± 17% of that at the top surface 18) .
This was similar to the fact that the 7, 8) . The filled squares ( ) show the activities estimated from the calculated ones based on the DS02 10, 11) . and 388 m in ground distance). At the surface, the ed from those in a region higher than the peak. The region did not include the large natural gamma-ray full energy peaks, which were clearly seen in the spectra for the uranium phosphate and thorium rich mineral samples mentioned above. Thus, the 152 Eu activities could be accurately determined.
Conclusion
The sample pieces were obtained from the surfaces of two granite gravestones near by the hypocenter of the Hiroshima atomic bomb. The 152 Eu/Eu ratios were low in the sample pieces that were shielded by thick rock materials against the slow neutrons scattered from the soil ground. The high ratios were observed at the positions that were nearly open for the neutrons scattered from the soil ground. In each gravestone, the highest ratio was almost same as that in free air calculated based on the DS86.
